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10. Image Segmentation
3 Fundamentals
3 Point, Line, and Edge Detection
3 Thresholding
3 RegionBased Segmentation
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FIGURE 10.1 (a) Image containing a region of constant intensity. (b) Image showing the
boundary of the inner region, obtained from intensity discontinuities. (c) Result of
segmenting the image into two regions. (d) Image containing a textured region.
(e) Result of edge computations. Note the large number of small edges that are
connected to the original boundary, making it difficult to find a unique boundary using
only edge information. (f) Result of segmentation based on region properties.



Background

3 Firstorder derivative
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FIGURE 10.2 (a) Image. (b) Horizontal intensity profile through the center of the image,
including the isolated noise point. (c) Simplified profile (the points are joined by dashes
for clarity). The image strip corresponds to the intensity profile, and the numbers in the
boxes are the intensity values of the dots shown in the profile. The derivatives were
obtained using Egs. (10.2-1) and (10.2-2).



Detectionof/{solated Roints

3 ThelLaplacian
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FIGURE 10.4

(a) Point
detection
(Laplacian) mask.
(b) X-ray image
of turbine blade
with a porosity.
The porosity
contains a single
black pixel.

(c) Result of
convolving the
mask with the
image. (d) Result
of using Eq. (10.2-8)
showing a single
point (the point
was enlarged to
make it easier to
see). (Original
image courtesy of
X-TEK Systems,
Ltd.)



Line Detection

3 Secondlerivatives to result Iin a stronger respons
and to produce thinner lines than first derivative:

3 Doubleline effect of the second derivative must
be handled properly
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FIGURE 10.5

(a) Original image.
(b) Laplacian
image; the
magnified section
shows the
positive/negative
double-line effect
characteristic of the
Laplacian.

(c) Absolute value
of the Laplacian.
(d) Positive values
of the Laplacian.



Detecting|L.inerin Specified-Birections

FIGURE 10.6 Line detection masks. Angles are with respect to the axis system in Fig. 2.18(b).
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FIGURE 10.7

(a) Image of a
wire-bond
template.

(b) Result of
processing with
the +45° line
detector mask in
Fig. 10.6.

(c) Zoomed view
of the top left
region of (b).

(d) Zoomed view
of the bottom
right region of
(b). (e) The image
in (b) with all
negative values
set to zero. (f) All
points (in white)
whose values
satisfied the
condition g = T,
where g is the
image in (e). (The
points in (f) were
enlarged to make
them easier to
see.)
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EdgelDetection

3 Edgesare pixels where the brightness function
changes abruptly

3 Edgemodels
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FIGURE 10.8
From left to right,

models (ideal

representations) of

a step, a ramp, and

aroof edge, and

their corresponding 12
intensity profiles.



FIGURE 10.9 A 1508 X 1970 image showing (zoomed) actual ramp (bottom, left), step
(top, right), and roof edge profiles. The profiles are from dark to light, in the areas
indicated by the short line segments shown in the small circles. The ramp and “step”
profiles span 9 pixels and 2 pixels, respectively. The base of the roof edge is 3 pixels.
(Original image courtesy of Dr. David R. Pickens, Vanderbilt University.)
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FIGURE 10.10

(a) Two regions of
constant intensity
separated by an
ideal vertical
ramp edge.

(b) Detail near
the edge, showing
a horizontal
intensity profile,
together with its
first and second
derivatives.
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FIGURE 10.11 First column: Images and intensity profiles of a ramp edge corrupted by
random Gaussian noise of zero mean and standard deviations of 0.0, 0.1, 1.0, and 10.0
intensity levels, respectively. Second column: First-derivative images and intensity
profiles. Third column: Second-derivative images and intensity profiles.
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Basic-Edge Detection by iUsing Fdstler Derivative
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Basic-Edge Detection by iUsing Fdstler Derivative
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FIGURE 10.14

A 3 X 3 region of
an image (the z’s
are intensity
values) and
various masks
used to compute
the gradient at
the point labeled

Z5.
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FIGURE 10.15
Prewitt and Sobel
masks for
detecting diagonal
edges.
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